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RUSSIAN AND ENGLISH TRIGONOMETRIC FUNCTIONS

Russian English

sin sin

Cos Cos

tg tan

ctg cot

sec sec

cosec csc

sh sinh

ch cosh

th tanh

cth coth

sch sech

csch csch

arc sin sin-1

arc cos Cos 1

arc tg tan 1

arc ctg cot-1

arc sec sec-1

arc cosec csc 1l

arc sh sinh'

arc ch cosh 1l

arc th tanh 1

arc cth coth 1

arc sch sech 1

arc csch csch 1

rot curl

ig log[

GRAPHICS DISCLAIMER

All figures, graphics, tables, equations, etc.
merged into this translation were extracted
from the best quality copy available.

ITD-RC-23-O975-751.-



U. S. BOARD ON LiOGRAPHIC NAMES TRANSLITERATION SYSTEM

Block Italic Transliteration Block Italic Transliteration

A a A a A, a P p P p R, r

5 A 5 U B, b C c C C S, s

5 B V,v T T T N T, t

r r r s G, g Y y y U, u

A A 7 a D, d o 0 * # F, f

E e E # Ye, ye; E, e* X x X x Kh, kh

*H M R Zh, zh LA LA LI q Ts, ts

3 s $ # Z, z H ' V Ch, ch

H H H M I, i W W z N Sh, sh

A A Y R y, y ul U 9 IN Shch, shch

K MX K, k bi b S "

Ai n J1 a L, 1 bi bi hr U Y, y

M M M A M,m b b '

H H H N N, n 3 3 .9 E, e

0 o 0 0 0, o H310 0 jo Yu, yu

n n 17 X P, p HR 1 a Ya, ya

*ye initially, after vowels, and after 6, 6; e elsewhere.

When written as 9 in Russian, transliterate as y6 or 6.
The use of diacritical marks is preferred, but such marks
may be omitted when expediency dictates.

GREEK ALPHABET

Alpha A a a Nu N v

Beta B B Xi &

Gamma r y Omicron 0 o

Delta A 6 Pi IT Tr

Epsilon E ce Rho P p e

Zeta Z Sigma E a

Eta H n Tau T T

Theta 0 e Upsilon T u

Iota I I Phi 0 (P

Kappa K X K X Chi X X

Lambda A X Psi '

Mu M p Omega W
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MINUTES NO. 14.310.230/FINAL

STUDY OF THE PROTECTION OF THE BOLT ASSEMBLY T-A6V

TASK STAe 72-94-336 LOT No. 9

LET BY THE TECHNICAL AERONAUTICAL SERVICE, MATERIALS SECTION

M. Guerlet and G. Sertour*

1. General Remarks

The lifetimes of commercial aircraft depend to a large extent

on the resistance of structures to fatigue and various corrosion

phenomena.

The elements for attachment play an essential role in this

problem because they condition the fatigue resistance of various

assembled parts. Since they are present in nonprotected areas,

in certain cases they can provoke corrosion phenomena because of

galvanic couples.

Titanium bolt assemblies, used extensively in modern aircraft,

we presently being used with various finishes by various manufacturers:

*National Industrial Society, Aerospace. Quality Control
Directorate. Central Laboratory, Gv. Surennes, November 22, 1973.
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unplated or cadmium plated in the United States, material with anodic

sulfur oxidation in Germany, and material with anodic sulfur + MoS2

oxidation in France.

Each of these finishes has its drawbacks:

- weakening of the cadmium plated bolt assembly under hot

conditions;

-requirement for "humid" assembly for naked bolt aEsemblies

in order to avoid corrosion caused by galvanic couples;

-acceleration of the corrosion of structures, poor adhesion

of paints, poor electrical continuity in the case where titanium

bolt assemblies protected with OAS + MoS2 are used.

Recently, a solution has been proposed: protection using

aluminum deposition.

The aim of the proposed tests was to compare the performances

of the various aluminum protection methods advanced by the manufac-

turers and the performances obtained with solutions utilized up to

the present or which seem promising.

2. Protection Methods Tested

2.1. Molybdenum Bisulfate on Anodic Sulfur Oxidation

Three different types of MoS 2 were tested:

-M 88

- X 106 on a resin base which can be heat-hardened

- Emos 60.

FTD-IIC-23-0975-75 2



2.2. Graphite Base Varnish on Anodic Sulfur Oxidation

- D 81 bis "Anderol"

thermostable lubricating varnish on a graphite lamella base.

2.3, Cadmium deposited electrolytically, without bichromium

treatment.

2.4. Aluminum

At the present time, there are two reference standards in the

United States: NAS 4006 and AMS 2506 A for organic resins.

Three protection agents conforming to the NAS 4006 were tested:

- VSM 1368 proposed by VOI-SHAN

- VERTEC ALCOTE Cpractically identical with VSM 1368)

- HI KOTE 1 proposed by HI-SHEAR.

These different protection agents are made of organic resins

containing aluminum powder deposited by immersion (VSM 1368) or

by pulverization. They contain corrosion -nhibitors in the form of

chromates and phosphates.

A single protection agent conforms with the AMS 2506 A and

was proposed by S P S: SERMETEL W, which is an inorganic resin also

containing chromates and phosphates, which improve the corrosion

resistance, as well as the adherence.

At the present time, the production method for these products

has not been divulged.

FTD-HC-23-097'5-75 3
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3. Tests Performed

The tests were partially or completely performed with each of

the protection agents given above. The complete collection of tests

mentioned above, as well as their results, are contained in the

summarizing table on page 16.

3.1. Measurement of Protection Agent Thickness

The control of the thickness snd quality of deposition was done

using an optical microscope with longitudinal sections of the bolts.

The thicknesses measured on screws protected with aluminum are

the following:

- SERMETAL W: 5 to 40 microns, very irregular deposit

- VSM 1368: 10 to 15 microns within a lot

6 to 8 microns within another lot

- VERTEC ALCOTE: 4 to 5 microns

The photographs are given in plate 1.

3.2. Adherence Tests

3.2.1. Of aluminum protection agent

The adherence tests were carried out on T-A6V sheets, protected

according to norm NFT 30038 before and after aging in a humid oven

for 750 hours at 400 C, HR 98%.

These adherence tests were carried out also in order to verify

the resistance of the protection agents after immersion in various

media: hydraulic fluid, kerosene, paint solvents, etc.

41



3.2.2. Of the paints

3.2.2.1. Samples

The samples consisted of the following;

- T-A6V sheet protected by the covering being tested and with

a primary epoxy ICI 2022 coat of paint (primary TSS)

- or of a A-U2GN block in which the protectod bolts were

installed, and the complete assembly was covered with the same

primary coat.

3.2.2.2. Tests

The tests were carried out under the same conditions as in

3.2.1.

3.2.3. Of sealing products

The peeling tests were carried out on T-A6V sheets protected

and painted again with PR 1431, according to the norm MIL S 8802 D.

3.3. Results

The results are summarized in the following table:

Adherence of PaintsProtection Agents Before aging A-ffter aging Adherence of PR 1431

T-A6V blank l0CqI I00%

0 AS + M.88 O to I gl" 0 10,1y

OAS+ X 106 0 t o 20p. 0 0

OAS 4 E ICS 60 100% 0 10

OAS + D 81 bis 100% lor.,

100%1000%sK. J'.-i~ 1 ioo 10o0 io%

VEMEC .100. -oo 1O
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In all cases, the adherence of the paints and of the sealing
product on the aluminum protection agents and on the bolt assembly

is 100%. No type of molybdenum bisulfate gave satisfactory results

in any of these tests.

The photographs of plates 2 to 5 show the samples after the

tests.

3.4. Couple-Stress Relationship

It is established using a strain gauge transducer and the

couples are applied using the dynamometer key.

The results are given in graphs on pages 17 through 25.

The acceptance of the aluminum protection on the titanium bolt
assembly will not lead to any modification of the tightening couple

values established by the screw assembly protected with type M 88

OAS + MoS 2.

3.5. Measurement of Installation Force

In order to improve the fatigue performance of the assembled

parts, at present the tendency is to mount the fixation devices with

interference.

One important aspect from the fabrication point of view is the

ease of installation.

This was determined by measuring the maximum necessary force
required to install screws in the A-U2GN T 651 blocks.

For all the test cases, the holes were machined so that an

interference of 60 ± 5 v was obtained.
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These tests were carried out on an Instron traction machine in

order to determine the maximum forces. A few tests which simulate

the aircraft configuration conditions were also carried out using

a multi-strike tapping machine and with a mallet.

We were able to establish the following comparisons based on

the availability of the screws according to their protection agents:

1) VSM 1368

SERMETEL W lubricated with cetyl alcohol

HI kOTE I

with screw HI TIGUE HLT 410-8-16 (diameter 6.35, thread length 25.4

mm).

2) VSM 1368 lubricated with cetyl alcohol

OAS + MoS 2 (M 88)

with screw NSA 5040 V-4-12 (diameter 6.35, thickness of thread

19.05 mm)

3) T-A6V without covering, lubricated with cetyl alcohol

OSA + MoS2 (m 88) with screw HI TIGUE HLT 410-8-12 (diameter 6.35,

thread thickness 19.05)

4) VSM 1368

SERMETEL W nonlubricated screw

HI KOTE I

with HI LOK NSA 5040 V-4 (diameter 6.9r'.

After installation of the parts, certain blocks were cut in

order to extract the screw without introducing additional damage

to that caused by the configuration.

The photographs of plates 6 to 8 show the screws before intro-

duction, after introduction, and after installation and disassembly.
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The results of th i tests are given in the form of tables on

pages 14 and 15.

One would expect that the smallest installation forces could
be obtained using the type HI KOTE I aluminum protection.

In effect, one can take into account the values obtained with

the SERMETEL W. During installation, the thickness of the covering

was increased from 40 to 20 U by lamination.

In addition, for this same protection, the measured diameter

is excessive compared with the average edge, because of the irregular

nature of the deposit.

3.6. Resistance to Solvents, Primary Coat, Paint, Kerosene

The bolts were immersed for 24 hours in the following liquids

at ambient temperature:

- isopropyl alcohol

-methyl-ethyl-cetone

- 850 - 805 dilution agent of the primary ICI 2010

- JPl kerosene.

An adherence test was then made for the bolt heads according to

norm NF T 30038.

For the four types of aluminum deposits, we obtained 100%

adherence.

3.7. Resistance to Hydraulic Fluids

These tests were carried out on a T-A6V sheet which was

protected. Three fluids were used: F H S, Oronite M2V, and

Skydrol LD.
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The test was carr I out after 30 days of immersion at 700 C

and resulted in 100% adherence for all the aluminum protection agents.

3.8. Resistance Tests Against Galvanic Couple Corrosion

The bolts were mounted on A-U2GN T 651 blocks after having been

subjected to the primary TSS protection range.

The following tests were performed:

- 1500 hours in saline vapor, according to norm NF X 41-008

- alternate immersion and withdrawal (50' - 10') for 1500 hours

- with natural corrosion at lie du Pilier for one year

- in acetic saline vapor for 14 days, according to ASTM B 287

modified according to NAS 4006 (the tests were only carried out for

aluminum protection agents).

For the various test cases, the aluminum protection agents

always resulted in better results than the naked bolt assembly

protected with OAS + MoS 2 (M 88).

In the case where the naked bolt assembly was installed, an

aluminum oxide deposit is formed between the bolt and the drill

holes, which makes it impossible to manually disassemble the screw.

Type X 106, EMOS 60, and D 81 bis varnishes considerably

accelerate the galvanic couple corrosion, especially X 106.

The classification of the protection agents from the point of

view of resistance to corrosion is identical for the various test

modes, and the saline vapor is the most selective.

It seems that we have the following decreasing sequence:

- VSM 1368

- HI KOTE - SERMETEL W and VERTEK Alcote

9



- T-A6V naked an '-A6V protected by OAS + M 88

- EMOS 60 and D 81 bis varnish

- X 106 varnish

A few installation photographs after the tests are given in

plates 9 through 12.

3.9. Weakening Tests

These tests were carried out on bolts and nuts made of

tempered T-A6V, with heads milled to 1000.

The screws were mounted on 25 CD4 blocks and subjected to

prestresses equivalent to 70% of the true fracture load of the screw.

These assemblies were then placed in a dry oven at temperatures

of 100 or 1500 C, for times which varied between 24 hours and three

months.

After the tests, the bolts were disassembled and examined under

the microscope and longitudinal sections were made in order to detect

and measure the cracks. We made the following observations:

- the blank screws or the screws protected by OAS + MoS2 and

the screws protected by aluminum are not weakened after three months

of tests at 1500 C.

- on the other hand, the cadmium plated titanium screws cracked

after 24 hours at 1000 C. The results are given in the form of a

curve: length of crack - aging time - temperature: page 26.

The photographs on plates 13 and 14 show the cracks obtained

with cadmium plated screws.
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3.10. Heat Resis ice

The tests for adherence of the protective agents according to

the norm NF T 30038 were carried out on T-A6V sheetmetal, which was

protected, after exposure to 2350 C for four hours or to 2000 C for

1000 hours.

For these two test cases, we obtained 100% adhesion with the

four aluminum protection agents.

3.11. Assembly Fatigue Tests

We utilized two types of samples which had been previously

tested during the fixation tests, HUCKRIMP - KAYLOBE HY LOK (cf.,
PV 34.521). The diagrams for these samples are given on page 30.

The samples were assembled with HI LOK screws of the type NSA
5040 V 3-5 (0 4.81 - length 7.94 - head F 1000), as well as

NSA 5040 V 4-6 (0 6.35 - length 9.52 - head F 1000) which was

protected by VSM 1368 and the nuts HI LOK NSA 5075-6 and 8 (aluminum

alloy 2024 nuts).

The elements were installed with an interference of 20 p on

type "D" samples and the clearance was 25 P for type "G" samples.

The tests were carried out with varying forces F - 0.1 F.

The corresponding loadings were a net stress of 13 hbar - 1.3 hbar.
The results are given on pages 27 and 28.

The results are identical as far as 0 6.35 is concerned, to
those obtained with KAYLOBE + steel nut or HUCKRIMP + T-A3V2.5 nut.

They are slightly superior to those obtained with the HI LOK finished

with OAS + MoS2 for the 0 4.8.

=:711



3.12. Contact Resistance

These tests were carried out with dynamic test samples. The

diagram for measuring this with the micrometer is as follows:

I constant 40 mA

The results are compared with those obtained previously on the

aircraft or with the samples, page 29.

It appears that, among the four aluminum protection agents

measured, only the SERMETEL W gives contact resistances which are

comparable with those obtained with the T-A6V, either blank or

cadmium plated.

One should note the large dispersions obtained with the protective

substance OAS + M 88 and the aluminum protective agent VSM 1368. The

values obtained have the same order of magnitude.

The HI KOTE I protective agent seems to result in higher values.

In order to obtain significant values, these tests should be carried

out with a larger number of samples if this cannot be done on an

aircraft.

4. Conclusions

Looking over the results of all of the tests, it can be seen

that all of tne aluminum protection agents give results which are

superior or at least equivalent to those obtained with molybdenum

bisulfate.

12



These results are especially favorable for protecting aluminum
for adherence tests for paints and mastics, as well as for corrosion
and installation tests with interference.

For the aluminum protection agents, VSM 1368 gives results

which are slightly superior.

Finally, given the inconveniences encountered during these

tests by using other solutions:

- corrosion of drill holes with the blank bolt

- weakening with cadmium,

it seems that the aluminum protection method is the one with the
highest "performance" and that it could be considered as a replacement

for the present solution.
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INSTALLA.. ON FORCE (LUBRICATED SCREWS)
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INSTALLAT IFORCE (NONLUBRICATED SCREWS)
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,SUMMARY TABLE OF TEST RESULTS

TESTS CARRIED OUT TA 6 V T4.6 V'OAS TACV. Protectio Auminium ?.-S .'/ 6 .11/5 25.7)
NU MoS 2 M88;Iii HOTE 7 VSM 1358 VER TEC SE,?--TEL

no stub I - .C

Thickness of protections nde Of (9-s - A,

herence I Protective agents.
Ph Tit -by checker ingI#Ai

Primary Withoutpaint ICI .Aging. OWo1 Ica% 1W. lo ox U

Adherence 2022 ICI ..c Wo_ _•__o _ ____ _______

Mastic g1it-out
agin ___W__ 30%_ o io 100.9 1.

1431 70h C 10-A 11. WC' 1000 1o 1009 30oc IOMC

Hydraulic l.a or tp v ogo oco
Resistance of 3 J. 7oGC Sky4uz LD
the protectiot rosne .

aent with ge rsion iol.p
ate I _respect to Solvants

fluids _oln s__opro_I t h at2. alcoho poor good good. good good1 Di agepoor goodod__ ___
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Rnstallation Lubrication 2Mx0So - 12ooWd! 93o . X, W4 41'%.
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Corrosion Natural corrosion corrosion,corrosiog

I Saline vapor ,drllling.' drilling

[Illegible] See graph page

__eg ib 1 ,e]
[ Illegible ]..

[Illegible] With lubrication [ . . . -

Without lubrication, ..., o.
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T)PE D. 348 (di 132)

~..................,"

4" I

TYPE G , ,35 ( :1 ,41)

Samples for dynamic tests.

Material- AU2GNT851; protection- Alodine 1200; paint- primary
Epoxy ICI2022; Insert Viton.
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* Plate 1

F 4. VSM 1368

-. . *. e - 15 to 20 microns

... .Photo No. 16.445

.i. ..X . .. . .. , G X 200

•e 4 to 5 .micron-s

* %... .+ • • oO .+ - +

*P t . N 1 • .2

- d . ". . .

, VERTEC

m ;+ 1 + e = 4 to 5 microns

.. P ot No .14'....63

"- ' Photo No. 16.452
G X 200

Thcns of th almiu protection

* * - . 4 5 .6 * . - - j*3

* . ..-

p .+ -"-

- ., i jSERMETEL W
~ ~ ~ e = 140 microns

Photo No. 114.963

* G X 200

" .... " ... ..... * HI KOTE 1

*.*~ :1 ?::......~2:7:i~-e =n 10 to 15 microns

' " "* '" \" .h Photo No. 16. 450

of, \ the aunu protetion

' \ .' ' " "," GX 31
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plate 2
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11 I ! ! 01 . '" •
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" ,, - I I ' % ! , 4

on~*J VS1 136 10

hot o.. 34--
Adhe - e c of . -to co

, ', .3 . . .

. . .k I -- j' .! i - -L i'-. I- "" __ o S 1 6'1 0

" I , ,.• . . -I'J t  Photo No..,31" 46

~~* .. ; . 1 . - . _ _ . . .,

,; . . 1 . .. _ i .

iK IT 7 L'FI"i. -,w
-' .1- :-t '-,

.P " I' ! I / F P, _

- I-
* : m t - f Ii I i e t

'4• ! , .~ . ! I ) t I o
... , • I ' ../ ..- i .. i __. _...S

• -- -' - - - --- " - - - -- • ,'e-'rO-*"4 -Adheenc of pa int l ;
) ,, _ _ _ _ _ _ I IZ . -_ _ _ _ _ _ _ - .. .r - -- llI . ' 1 ; 3 2
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Plate 37

U~o-s60

Adherence 100% Adherence 100%

Photo No. 31461 Photo No. 3722

Photo No 340Pht o.36

Adherence of paint.
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Plate 4

U R f~drom

Pht
* 

.
N o..3665

A d h e e n c e of a i nt b e o r a n a f e ag ng i n th.. . . v e ( 5

hour at 100 .*land971)

.*. *34
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Plate 5
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ev..ce from:
V4 s 

.jssc
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Plate 6

Photo No*. 410 "T.PooNo 
12"1

-ZU***irn7Z

reA, V t

Pht o 40 S

Aluminu prtcin tt;fsrae
* 36



Plate 7

V j,

PhotoNo. 428 Phto N .412

Photo~ No 43

Fitting tests~~~~. Sraesaeatrasebyaddsseby

* 37
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Plate 8
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1 . . I S , . " " . . : ; 3 I .  .
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i. " a. ' "' .. .

*='. ht . 4131 Phot N 1 32

Pht N. 413..Pht o . 14131 - ' .. .L

Fittin.test, urac stte rm
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Plate9

EAV7CS 60 A/7

0. AA Ve

* ~ r *~All

I . I ~rot

Salie vpor orrsion 150 hurs plae 'N. 366)
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Plate 10

1500 hour aging in saline vapor
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..A' 133 A "P"'dJ S; i "S ER CV

Sain vapo corso,10,or pooN.35)
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Plate 11
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Plate 12
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priar pan CI21
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Plate 13

IsI
. .

pht o.1.6 photo N .1.46G X 20 0

Weakening~ ~~~~~~~~4 test ofTAVb amu.laig etcniin

G0 Xf 20t0 200

.' i.. IM ~ A-. 1 .,
Et,,~rodvlj~clo~lllf=OI...Y:

FTD-HC 23-097 -7. 4



Plate 14
r .- -. -. . . ..

-= l.,:~~~-.. ,..... .,

r'' "*I%".' ,, 3 .. " : ' ,- :" . "." 'C -. "

photo No. 16.629
'"j •~ "" " ."" "... ' .-. " 1 week aging

GX1200

9,.- ' , . . -. %*, ' . C... -. * C .C W ...
9. . ..... .: 4 . '. * . ... C ' '"- ,. . "-8.' .,'

- , .&.. . • "., * A . .. ,* .. o .. . . • . , ,. .

L,' "'. • " . .':': : ., .: .. ... ... :.:!photo No. 16.631

* 4

jC.C &":. . ' . * ....- . b e.' : ,. : 4"; . .

... . CG X, 2..00
W .n f .ai. .... s .A, t- c.dt. 7 o R

C. 100 C

a .:. I. t.*. * 44 . .. , . ". ..

. , , :::- • . .* - ,

- .. - . .. , . .. . ... . ¥ . 4 .. . ,. .

* . - -: .•., .* .- : . .. ; • '% 15-d ys gin

1 . . . . . • % . , ' - )
- •* .. .; A .,~t -" " .'-"- -..,'-, ; -:'.' photo No. 16. 630

; ' " " " '" " :" - "," " .. . .. G X 200

5,.. . ." .. A . "

. *. ' U . . - C . ; . - . I

3 . • . . C .1.

• , .' . -

C .,.>-'' " ';,: ' " .

' ." * .'.r' ' " ... " 1 ,, i,

p.,. month.. . aging .
• . ,t, " -

"a .,t'" e4- " .

-2 ,. . . .. ,,.. *hoo No"6.3

C .y'-".. , ,,20

Weakening of cadmium plated screw T-A6V, test condition 70% of R
at 1000 C.

I ~FTD-IC-23-0975-75 iI i,,. .


